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(57)  [Problem] To provide an in-liquid fluorescence
detection device capable of accurately detecting fluores-
cence in a liquid.

[Means for Resolution] A in-liquid fluorescence de-
tection device including a light source 10 emitting an ex-
citation light having a wavelength in which Raman scat-
tering light is generated in a liquid in a wavelength band
between first and second fluorescence wavelength
bands toward the liquid which can contain a first sub-

stance which emits light having higher intensities in the
first fluorescence wavelength band as compared with in
the second fluorescence wavelength band and a second
substance which emits light having higher intensities in
the second fluorescence wavelength band as compared
with in the first fluorescence wavelength band and a flu-
orescence detection unit 102 detecting light in the first
and second fluorescence wavelength bands.
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Description
[Technical Field]

[0001] The present invention relates to a detection
technique, and relates to anin-liquid fluorescence detec-
tion device and a method of detecting fluorescence in a
liquid.

[Technical Background]

[0002] A method of detecting fluorescent particles in-
cluded in a gas as an inspection object (for example,
refer to Patent Literatures 1 and 2) and a method of de-
tecting fluorescent particles included in a liquid as an
inspection object (for example, refer to Patent Literature
3) are proposed. In every method, it is determined that
particles exist when an inspection object s irradiated with
an excitation light and fluorescence is detected.

[Citation List]
[Patent Literature]
[0003]

[Patent Literature 1] Japanese Patent No. 4377064
[Patent Literature 2] JP-A-2012-88304
[Patent Literature 3] JP-A-2013-117466

[Summary of Invention]
[Problems that the invention is to Solve]

[0004] In general, Raman scattering light with a level
of intensity that interferes with detection of fluorescent
particles emitting autofluorescence is not generated
when a gas is irradiated with an excitation light, however,
when a liquid is irradiated with an excitation light, Raman
scattering light with the level of intensity that interferes
with detection of fluorescent particles emitting autofluo-
rescence may be generated due to molecules forming a
liquid such as water or molecules contained in the liquid.
As a wavelength of Raman scattering light is longer than
a wavelength of the excitation light, the wavelength may
overlap with a wavelength of fluorescence emitted by flu-
orescent particles contained in the inspection object. The
inspection object may also contain plural kinds of fluo-
rescent particles.

[0005] In view of the above, an object of the present
invention is to provide an in-liquid fluorescence detection
device and a method of detecting fluorescence in a liquid
capable of accurately detecting fluorescence in the liquid.

[Means for Solving the Problems]

[0006] An in-liquid fluorescence detection device ac-
cording to an embodiment of the present invention in-
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cludes (a) alight source emitting an excitation light having
a wavelength in which Raman scattering light is gener-
ated in a liquid in a wavelength band between first and
second fluorescence wavelength bands toward the liquid
which can contain a first substance which emits light hav-
ing higher intensities in the first fluorescence wavelength
band as compared with in the second fluorescence wave-
length band and a second substance which emits light
having higher intensities in the second fluorescence
wavelength band as compared with in the first fluores-
cence wavelength band and (b) a fluorescence detection
unit detecting light in the first and second fluorescence
wavelength bands.

[0007] The device may further include a fluorescence
reference comparison unit comparing an intensity of de-
tected light in the first fluorescence wavelength band with
an intensity of light in the second fluorescence wave-
length band. The device may further include a determi-
nation unit determining that the liquid contains the first
substance when the intensity of light in the first fluores-
cence wavelength band is higher than the intensity of
light in the second fluorescence wavelength band, and
determining that the liquid contains the second sub-
stance when the intensity of light in the second fluores-
cence wavelength band is higher than the intensity of
light in the first fluorescence wavelength band.

[0008] Inthe device, the first substance may be a biotic
particle and the second substance may be an abiotic par-
ticle. Moreover, the first fluorescence wavelength band
may be positioned on a longer wavelength side than the
second fluorescence wavelength band. Furthermore,
light in the first fluorescence wavelength band may be
autofluorescence emitted by the biotic particle and light
in the second fluorescence wavelength band may be
autofluorescence emitted by the abiotic particle.

[0009] Also in the device, the first and second sub-
stances may be abiotic particles, and at least one of the
first and second substances may be a fluorescent sub-
stance dissolved in the liquid.

[0010] The device may furtherinclude a scattering light
detection unit detecting scattering light having the same
wavelength as the excitation light, which is generated in
the liquid irradiated with the excitation light.

[0011] A method of detecting fluorescence in a liquid
according to an embodiment of the present invention in-
cludes the steps of (a) emitting an excitation light having
a wavelength in which Raman scattering light is gener-
ated in a liquid in a wavelength band between first and
second fluorescence wavelength bands toward the liquid
which can contain a first substance which emits light hav-
ing higher intensities in the first fluorescence wavelength
band as compared with in the second fluorescence wave-
length band and a second substance which emits light
having higher intensities in the second fluorescence
wavelength band as compared with in the first fluores-
cence wavelength band and (b) detecting light in the first
and second fluorescence wavelength bands.

[0012] The method may further include the step of
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comparing an intensity of detected light in the first fluo-
rescence wavelength band with an intensity of lightin the
second fluorescence wavelength band. The method may
further include the steps of determining that the liquid
contains the first substance when the intensity of light in
the first fluorescence wavelength band is higher than the
intensity of light in the second fluorescence wavelength
band and determining that the liquid contains the second
substance when the intensity of light in the second fluo-
rescence wavelength band is higher than the intensity of
light in the first fluorescence wavelength band.

[0013] In the method, the first substance may be a bi-
otic particle and the second substance may be an abiotic
particle. Also in the method, the first fluorescence wave-
length band may be positioned on a longer wavelength
side than the second fluorescence wavelength band. Fur-
thermore, in the method, light in the first fluorescence
wavelength band may be autofluorescence emitted by
the biotic particle and light in the second fluorescence
wavelength band may be autofluorescence emitted by
the abiotic particle.

[0014] Also in the method, the first and second sub-
stances may be abiotic particles, and at least one of the
first and second substances may be a fluorescent sub-
stance dissolved in the liquid.

[0015] The method may further include the step of de-
tecting scattering light having the same wavelength as
the excitation light, which is generated in the liquid irra-
diated with the excitation light.

[Advantage of the Invention]

[0016] According to the present invention, an in-liquid
fluorescence detection device and a method of detecting
fluorescence in a liquid capable of accurately detecting
fluorescence in the liquid can be provided.

[Brief Description of the Drawings]
[0017]

[Fig. 1] Fig. 1 is a schematic view of an in-liquid flu-
orescence detection device according to a first em-
bodiment of the present invention.

[Fig. 2] Fig. 2 shows examples of fluorescence spec-
tra of autofluorescence emitted by microorganisms
according to the first embodiment of the present in-
vention.

[Fig. 3] Fig. 3 shows examples of fluorescence spec-
tra of autofluorescence emitted by abiotic particles
according to the first embodiment of the present in-
vention.

[Fig. 4] Fig. 4 is a graph obtained by overlapping the
spectra shown in Fig. 2 and Fig. 3 with each other.
[Fig. 5] Fig. 5 shows an example of a fluorescence
spectrum of autofluorescence emitted by a microor-
ganism according to the first embodiment of the
present invention.
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[Fig. 6] Fig. 6 shows examples of fluorescence spec-
tra of autofluorescence emitted by abiotic particles
according to the first embodiment of the present in-
vention.

[Fig. 7] Fig. 7 is a graph obtained by overlapping the
spectra shown in Fig. 5 and Fig. 6 with each other.
[Fig. 8] Fig. 8 shows an example of a fluorescence
spectrum of autofluorescence emitted by a microor-
ganism according to the first embodiment of the
present invention.

[Fig. 9] Fig. 9 shows an example of a fluorescence
spectrum of autofluorescence emitted by abiotic par-
ticles according to the first embodiment of the
present invention.

[Fig. 10] Fig. 10 is a graph obtained by overlapping
the spectra shown in Fig. 9 and Fig. 10 with each
other.

[Fig. 11] Fig. 11 shows an example of a fluorescence
spectrum of autofluorescence emitted by abiotic par-
ticles formed of glass according to a second embod-
iment of the present invention.

[Fig. 12] Fig. 12 shows an example of a fluorescence
spectrum of autofluorescence emitted by abiotic par-
ticles formed of PET according to the second em-
bodiment of the present invention.

[Fig. 13] Fig. 13 is a graph obtained by overlapping
the spectra shown in Fig. 11 and Fig. 12 with each
other.

[Fig. 14] Fig. 14 shows an example of a fluorescence
spectrum of fluorescence emitted by alcohol for dis-
infection according to a third embodiment of the
present invention.

[Fig. 15] Fig. 15 shows an example of a fluorescence
spectrum of fluorescence emitted by green tea ac-
cording to the third embodiment of the present in-
vention.

[Fig. 16] Fig. 16 is a graph obtained by overlapping
the spectra shown in Fig. 14 and Fig. 15 with each
other.

[Mode for Carrying Out the Invention]

[0018] Hereinafter, embodiments of the presentinven-
tion will be explained. In the description of the drawings,
the same or similar numerals and signs are given to the
same or similar portions. However, the drawings are
schematic. Accordingly, specific sizes and so on should
be determined by referring to the following explanation.
Needless to say, portions in which relations and ratios of
respective sizes are different from one another are in-
cluded in mutual drawings.

(First Embodiment)

[0019] An in-liquid fluorescence detection device ac-
cording to a first embodiment of the present invention
includes a light source 10 emitting an excitation light hav-
ing a wavelength in which Raman scattering light is gen-
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erated in a liquid in a wavelength band between first and
second fluorescence wavelength bands toward the liquid
in a cell 40 which can contain a first substance which
emits light having higher intensities in the first fluores-
cence wavelength band as compared with in the second
fluorescence wavelength band and a second substance
which emits light having higher intensities in the second
fluorescence wavelength band as compared with in the
first fluorescence wavelength band, and a fluorescence
detection unit 102 detecting light in the first and second
fluorescence wavelength bands as shown in Fig. 1.
[0020] For example, the first substance which can be
contained in the liquid in the cell 40 is a biotic particle
such as microorganisms and the second substance is an
abiotic particle. The description that the liquid can contain
the first substance and the second substance means that
thereis apossibility thatliquid contains the first substance
and the second substance, and there is a case where it
is determined that the liquid does not contain the first
substance and the second substance as a result of the
inspection.

[0021] Thein-liquid fluorescence detection device may
further include a scattering light detection unit 105 de-
tecting scattering light having the same wavelength as
the excitation light, which is generated in the liquid irra-
diated with the excitation light. The light source 10, the
fluorescence detection unit 102, and the scattering light
detection unit 105 are provided in a casing 30. A light
source driving power supply 11 supplying power to the
light source 10 is connected to the light source 10. A
power supply control device 12 controlling the power to
be supplied to the light source 10 is connected to the light
source driving power supply 11. The liquid irradiated with
the excitation light flows inside the transparent cell 40.
The liquid irradiated with the excitation light is, for exam-
ple, pure water, pharmaceutical water, injection solvent
and culture solution, however, the liquid is not limited to
the above. The cell 40 may be connected to, for example,
piping of the plant, however, the present invention is not
limited to the above.

[0022] The light source 10 emits an excitation light of
a broadband wavelength toward the liquid flowing inside
the cell 40. As the light source 10, for example, a light
emitting diode (LED) and laser can be used. A wave-
length of the excitation light is, for example, 250 to 550
nm. The excitation light may be visible light as well as
ultraviolet light. In the case where the excitation light is
visible light, a wavelength of the excitation light is, for
example, in a range of 400 to 550 nm, and for example,
405 nm. In the case where the excitation lightis ultraviolet
light, a wavelength of the excitation light is, for example,
in a range of 300 to 380 nm, and for example, 340 nm.
However, the wavelengths of the excitation light are not
limited to the above.

[0023] Inthe case where microorganisms such as bac-
teria are contained in the liquid inside the cell 40, nicoti-
namide adenine dinucleotide, riboflavin and the like con-
tained in the microorganisms irradiated with the excita-
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tion light emit fluorescence. Also in the case where non-
microorganism particles formed of, for example, metal or
resin are contained in the liquid inside the cell 40, non-
microorganism particles irradiated with the excitation
light may emit fluorescence or light the wavelength band
of which overlaps with that of fluorescence. The fluores-
cence includes autofluorescence.

[0024] For example, when the liquid is water manufac-
tured by a purified water producing device, water may
contain non-microorganism particles formed of materials
for the purified water producing device. Forexample, par-
ticles containing at least one material selected from poly-
propylene, polyethylene, polytetrafluoroethylene (PT-
FE), olefin, polycarbonate, polyurethane and the like can
be generated from a filter or a housing which can be
provided in the purified water producing device. For ex-
ample, particles containing at least one material selected
from, for example, silicone rubber, nitrile rubber (NBR),
ethylene-propylene rubber (EPDM), fluororubber, kalrez,
PTFE and the like can be generated from a gasket which
can be provided in the purified water producing device.
Moreover, particles containing at least one material se-
lected from viton, fluororesin, silicone resin, polyamide,
polyphenylene sulfide (PPS), perfluoroelastomer and the
like can be generated from a pump which can be provided
in the purified water producing device. Furthermore, par-
ticles containing, for example, PTFE and the like can be
generated from a sealing which can be provided in the
purified water producing device. Additionally, particles
containing a metal material such as oxidation stainless
steel can be generated from piping which can be provided
in the purified water producing device. The above-de-
scribed materials of particles to be generated from the
purified water producing device may emit fluorescence
or light the wavelength band of which overlaps with that
of fluorescence when irradiated with the excitation light.
[0025] A spectrum of light in the fluorescence band
emitted by microorganisms and non-microorganism par-
ticles differs according to types of microorganisms and
non-microorganism particles. An intensity of light in the
fluorescence wavelength band emitted by microorgan-
isms generally tends to be higher on the long wavelength
side than an intensity of light in the fluorescence wave-
length band emitted by non-microorganism particles. Ac-
cordingly, it is possible to determine whether substances
such as particles contained in the liquid are microorgan-
isms or non-microorganism particles based onintensities
of light in the fluorescence band detected in plural wave-
lengths.

[0026] When the liquid is irradiated with the excitation
light, the excitation light is scattered by molecules con-
tained in the liquid, and Raman scattering light having a
longer wavelength than that of the excitation light is gen-
erated. For example, Raman scattering light having
wavelengths 50 to 100 nm or 60 to 70 nm longer than
the wavelength of the excitation light is generated in wa-
ter. The wavelength band of Raman scattering light var-
ies chiefly according to the type of molecules and the



7 EP 3 206 018 A1 8

wavelength of the excitation light. Specifically, when the
wavelength of the excitation light is 380 nm, a peak of
Raman scattering light is generated in the vicinity of 436
nm in wavelength in water. When the wavelength of the
excitation light is 405 nm, a peak of Raman scattering
light is generated in the vicinity of 469 nm in wavelength
in water. When the wavelength of the excitation light is
490 nm, a peak of Raman scattering light is generated
in the vicinity of 535 nm and in the vicinity of 585 nm in
wavelength in water.

[0027] Accordingly, when the peak wavelength of Ra-
man scattering light overlaps with the wavelength of light
in the fluorescence band such as autofluorescence with
a low intensity generated by microorganisms or non-mi-
croorganism particles, Raman scattering light acts as
stray light, therefore, it may be difficult to detect autoflu-
orescence with a low intensity which is an original detec-
tion object. Moreover, it may be wrongly determined that
microorganisms or non-microorganism particles are con-
tained in the liquid.

[0028] In response to the above, the in-liquid fluores-
cence detection device according to the firstembodiment
emits the excitation light having a wavelength in which
Raman scattering lightis generated in awavelength band
between the first fluorescence wavelength band in which
the intensity of fluorescence emitted by microorganisms
is higher and the second fluorescence wavelength band
in which the intensity of fluorescence emitted by non-
microorganism particles is higher.

[0029] Fig. 2 shows examples of spectra of autofluo-
rescence emitted by Brevundimonas diminuta (ATCC
19146) and Pseudomonas putida (ATCC 12633) as
aquatic bacteria obtained when irradiated with an exci-
tation light having a wavelength of 405 nm. Fig. 3 shows
examples of spectra of autofluorescence emitted by abi-
otic particles generated from various resin gasket mate-
rials when irradiated with the excitation light having the
wavelength of 405 nm. Fig. 4 is a graph obtained by over-
lapping the spectra shown in Fig. 2 with the spectra
shown in Fig. 3. As shown in Fig. 2 to Fig. 4, the spectra
of autofluorescence emitted by microorganisms have
higher intensities on the long wavelength side as com-
pared with the spectra of autofluorescence emitted by
abiotic particles. In contrast, the spectra of autofluores-
cence emitted by abiotic particles have higher intensities
on the short wavelength side as compared with the spec-
tra of autofluorescence emitted by microorganisms. In
this case, the peak of Raman scattering light is generated
in the vicinity of 469 nm in wavelength in water. The spec-
tra of autofluorescence emitted by microorganisms have
higher intensities on the longer wavelength side of the
peak of Raman scattering light. In contrast, the spectra
of autofluorescence emitted by abiotic particles have
higher intensities on the shorter wavelength side of the
peak of Raman scattering light.

[0030] Fig. 5 shows an example of a spectrum of
autofluorescence emitted by Bacillus atrophaeus as Ba-
cillus subtilis obtained when irradiated with an excitation
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light having a wavelength of 380 nm. Fig. 6 shows ex-
amples of spectra of autofluorescence emitted by abiotic
particles containing glass and various resin materials
when irradiated with the excitation light having the wave-
length of 380 nm. Fig. 7 is a graph obtained by overlap-
ping the spectrum shown in Fig. 5 and the spectrum
shown in Fig. 6 with each other. As shown in Fig. 5 to
Fig. 7, the spectrum of autofluorescence emitted by the
microorganism has higher intensities on the long wave-
length side as compared with the spectra of autofluores-
cence emitted by abiotic particles. In contrast, the spectra
of autofluorescence emitted by abiotic particles have
higher intensities on the short wavelength side as com-
pared with the spectrum of autofluorescence emitted by
the microorganism. In this case, the peak of Raman scat-
tering light is generated in the vicinity of 436 nm in wave-
length in water. The spectrum of autofluorescence emit-
ted by microorganism has higher intensities on the longer
wavelength side of the peak of Raman scattering light.
In contrast, the spectra of autofluorescence emitted by
abiotic particles have higher intensities on the shorter
wavelength side of the peak of Raman scattering light.
[0031] Fig. 8 shows an example of a spectrum of
autofluorescence emitted by Bacillus atrophaeus as Ba-
cillus subtilis obtained when irradiated with an excitation
light having a wavelength of 490 nm. Fig. 9 shows an
example of a spectrum of autofluorescence emitted by
abiotic particles containing polyethylene-terephthalate
(PET) when irradiated with the excitation light having the
wavelength of 490 nm. Fig. 10 is a graph obtained by
overlapping the spectrum shown in Fig. 8 with the spec-
trum shown in Fig. 9. As shown in Fig. 8 to Fig.10, the
spectrum of auto fluorescence emitted by the microor-
ganism has higher intensities on the long wavelength
side as compared with the spectrum of autofluorescence
emitted by abiotic particles. In contrast, the spectrum of
autofluorescence emitted by abiotic particles has higher
intensities on the short wavelength side as compared
with the spectrum of autofluorescence emitted by the mi-
croorganism. In this case, the peaks of Raman scattering
light are generated in the vicinity of 535 nm and in the
vicinity of 585 nm in wavelength in water. The spectrum
of autofluorescence emitted by microorganism has high-
er intensities on the longer wavelength side of the peaks
of Raman scattering light. In contrast, the spectrum of
autofluorescence emitted by abiotic particles has higher
intensities on the shorter wavelength side of the peak of
Raman scattering light.

[0032] The light source 10 shown in Fig. 1 emits an
excitation light having a wavelength in which the wave-
length band of Raman scattering light is positioned be-
tween the spectrum of autofluorescence emitted by mi-
croorganisms and the spectrum of autofluorescence
emitted by abiotic particles. Alternatively, the light source
10 emits an excitation light having a wavelength in which
the wavelength band of Raman scattering light is posi-
tioned in a portion where a bottom of the spectrum of
autofluorescence emitted by microorganisms overlaps
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with a bottom of the spectrum of autofluorescence emit-
ted by abiotic particles.

[0033] The fluorescence detection unit 102 detects
light in fluorescence bands emitted by microorganisms
or non-microorganism particles. The fluorescence detec-
tion unit 102 includes a first photodetector 20A receiving
light in the first fluorescence wavelength band and a sec-
ond photodetector 20B receiving light in the second flu-
orescence wavelength band which is different from the
first fluorescence wavelength band. The first and second
photodetectors 20A and 20B may be configured so as
not to detect light in wavelength bands of Raman scat-
tering light. For example, the wavelength band of Raman
scattering light may be excluded from wavelength bands
which can be detected by the first and second photode-
tectors 20A and 20B. It is also possible to arrange afilter,
abandpassfilter, along-passfilter, a short-pass filter and
a dichroic mirror as well as wavelength selection means
formed by combining the above and so on for blocking
light in the wavelength band of Raman scatting light in a
front stage of the first and second photodetectors 20A
and 20B. As the first and second photodetectors 20A and
20B, photodiodes, photomultiplier tubes and so on may
be used, which convert light energy into electric energy
when receiving light.

[0034] Anamplifier 21Aamplifying electric currentgen-
erated in the first photodetector 20A is connected to the
first photodetector 20A. An amplifier power supply 22A
supplying power to the amplifier 21A is connected to the
amplifier 21A. A light intensity calculation device 23A re-
ceiving electric current amplified in the amplifier 21A and
calculating a light intensity received by the first photode-
tector 20A is also connected to the amplifier 21A. The
light intensity calculation device 23A calculates the light
intensity, for example, based on an area of a spectrum
of detected light. A light intensity storage device 24A stor-
ing the light intensity calculated by the light intensity cal-
culation device 23A is connected to the light intensity
calculation device 23A.

[0035] Anamplifier 21B amplifying electric currentgen-
erated in the second photodetector 20B is connected to
the second photodetector 20B. An amplifier power supply
22B supplying power to the amplifier 21B is connected
to the amplifier 21B. A light intensity calculation device
23B receiving electric current amplified in the amplifier
21B and calculating a light intensity received by the sec-
ond photodetector 20B is also connected to the amplifier
21B. The light intensity calculation device 23B calculates
the light intensity, for example, based on an area of a
spectrum of detected light. Alightintensity storage device
24B storing the light intensity calculated by the light in-
tensity calculation device 23B is connected to the light
intensity calculation device 23B.

[0036] The scattering light detection unit 105 detects
scattering light generated by microorganisms, non-mi-
croorganism particles and air bubbles irradiated with an
inspection light. The scattering light detection unit 105
includes a scattering light photodetector 50 receiving
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scattering light. As the scattering light photodetector 50,
a photodiode or the like can be used, which convers light
energy into electric energy when receiving light.

[0037] An amplifier 51 amplifying electric current gen-
erated in the scattering light photodetector 50 is connect-
ed to the scattering light photodetector 50. An amplifier
power supply 52 supplying power to the amplifier 51 is
connected to the amplifier 51. A light intensity calculation
device 53 receiving electric current amplified in the am-
plifier 51 and calculating an intensity of scattering light
received by the scattering light photodetector 50 is also
connected to the amplifier 51. A light intensity storage
device 54 storing the intensity of scattering light calcu-
lated by the light intensity calculation device 53 is con-
nected to the light intensity calculation device 53.
[0038] When a liquid flows inside the cell 40, the light
source 10 emits the excitation light and the fluorescence
detection unit 102 measures an intensity of light in the
first fluorescence wavelength band on the longer wave-
length side of the wavelength band of Raman scattering
light and an intensity of light in the second fluorescence
wavelength band on the shorter wavelength side of the
wavelength band of Raman scattering light, storing the
intensities in time series in the light intensity storage de-
vices 24A and 24B. The scattering light detection unit
105 detects scatting light and stores light intensities of
scattering light in time series in the light intensity storage
device 54.

[0039] The in-liquid fluorescence detection device ac-
cording to the first embodiment further includes a central
processing unit (CPU) 300. The CPU 300 includes a scat-
tering-light reference determination unit 303. The scat-
tering-light reference determination unit 303 reads a val-
ue of the intensity of light in the first fluorescence wave-
length band and a value of the intensity of light in the
second fluorescence wavelength band from the light in-
tensity storage devices 24A and 24B. The scattering-light
reference determination unit 303 reads an intensity of
scattering light from the light intensity storage unit 54.
[0040] The scattering-light reference determination
unit 303 determines that water as an inspection object
contains air bubbles when the fluorescence detection unit
102 does not detect light in the fluorescence band and
the scattering light detection unit 105 detects scattering
light. Moreover, the scattering-light reference determina-
tion unit 303 may determine that water as the inspection
object does not contain microorganisms and non-micro-
organism particles when the fluorescence detection unit
102 does not detect light in the fluorescence band, the
scattering light detection unit 105 detects scattering light.
Furthermore, scattering-light reference determination
unit 303 may determine that water as the inspection ob-
ject contains microorganisms or non-microorganism par-
ticles when the fluorescence detection unit 102 detects
light in the fluorescence band and the scattering light
detection unit 105 detects scattering light.

[0041] The CPU 300 may furtherinclude a comparison
unit 301 and a fluorescence reference determination unit
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302. The comparison unit 301 reads a value of the inten-
sity of the detected light in the first fluorescence wave-
length band and a value of the intensity of light in the
second fluorescence wavelength band from the light in-
tensity storage units 24A and 24B. The comparison unit
301 also compares the intensity of light in the first fluo-
rescence wavelength band with the intensity of light in
the second fluorescence wavelength band. The fluores-
cence reference determination unit 302 determines that
the liquid contains microorganisms when the intensity of
light in the first fluorescence wavelength band on the
longer wavelength side of the wavelength band of Raman
scattering light is higher than the intensity of light in the
second fluorescence wavelength band on the shorter
wavelength side of the wavelength band of Raman scat-
tering light. The fluorescence reference determination
unit 302 also determines that the liquid contains abiotic
particles when the intensity of light in the second fluores-
cence wavelength band on the shorter wavelength side
of the wavelength band of Raman scattering light is high-
er than the intensity of lightin the first fluorescence wave-
length band on the longer wavelength side of the wave-
length band of Raman scattering light.

[0042] The fluorescence reference determination unit
302 outputs, for example, a determination result from an
output device 401. As the output device 401, a display,
a speaker, a printer and the like can be used.

[0043] In the above explained in-liquid fluorescence
detection device according to the first embodiment, it is
possible to suppress a case where Raman scatting light
is wrongly determined as autofluorescence emitted by
microorganisms or non-microorganism particles con-
tained in the liquid even when Raman scattering light is
generated.

(Second Embodiment)

[0044] In a second embodiment, a method of discrim-
inating between a first abiotic particle and a second abi-
otic particle different from the first abiotic particle will be
explained.

[0045] In the second embodiment, the light source 10
shown in Fig. 1 emits an excitation light having a wave-
length in which the wavelength band of Raman scattering
light is positioned between a spectrum of autofluores-
cence emitted by the first abiotic particle and a spectrum
of autofluorescence emitted by the second abiotic parti-
cle. Alternatively, the light source 10 emits an excitation
light having a wavelength in which the wavelength band
of Raman scattering light is positioned in a portion where
a bottom of the spectrum of autofluorescence emitted by
the first abiotic particle overlaps with a bottom of the spec-
trum of autofluorescence emitted by the second abiotic
particle.

[0046] Fig. 11 shows an example of a spectrum of
autofluorescence emitted by abiotic particles formed of
glass when irradiated with an excitation light having a
wavelength of 445 nm. Fig. 12 shows an example of a
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spectrum of autofluorescence emitted by abiotic particles
formed of polyethylene-terephthalate (PET) when irradi-
ated with the excitation light having the wavelength of
445 nm. Fig. 13 is a graph obtained by overlapping the
spectrum shown in Fig. 11 with the spectrum shown in
Fig. 12. As shown in Fig. 11 to Fig. 13, the spectrum of
autofluorescence emitted by abiotic particles formed of
glass has higher intensities on the long wavelength side
as compared with the spectrum of autofluorescence emit-
ted by abiotic particles formed of PET. In contrast, the
spectrum of autofluorescence emitted by abiotic particles
formed of PET has higher intensities on the short wave-
length side as compared with the spectrum of autofluo-
rescence emitted by abiotic particles formed of glass. In
this case, a peak of Raman scattering light is generated
in the vicinity of 524 nm in wavelength in water. The spec-
trum of autofluorescence emitted by abiotic particles
formed of glass has higher intensities on the longer wave-
length side of the peak of Raman scattering light. In con-
trast, the spectrum of autofluorescence emitted by abiotic
particles formed of PET has higher intensities on the
shorter wavelength side of the peak of Raman scattering
light.

[0047] Inthe second embodiment, the comparison unit
301 inthe CPU 300 shown in Fig. 1 compares an intensity
of light in the first fluorescence wavelength band with an
intensity of light in the second fluorescence wavelength
band. The fluorescence reference determination unit 302
determines that the liquid contains the first abiotic particle
when the intensity of light in the first fluorescence wave-
length band on the long wavelength side of the wave-
length band of Raman scattering light is higher than the
intensity of light in the second fluorescence wavelength
band on the short wavelength side of the wavelength
band of Raman scattering light. The fluorescence refer-
ence determination unit 302 also determines that the lig-
uid contains the second abiotic particle when the intensity
of light in the second fluorescence wavelength band on
the short wavelength side of the wavelength band of Ra-
man scattering light is higher than the intensity of light in
the first fluorescence wavelength band on the long wave-
length side of the wavelength band of Raman scattering
light.

(Third Embodiment)

[0048] In athird embodiment, a method of discriminat-
ing between a first fluorescence substance dissolved in
a liquid and a second fluorescence substance dissolved
in the liquid different from the first fluorescence sub-
stance will be explained.

[0049] In the third embodiment, the light source 10
shown in Fig. 1 emits an excitation light having a wave-
length in which the wavelength band of Raman scattering
light is positioned between a spectrum of fluorescence
emitted by the first fluorescence substance dissolved in
the liquid and a spectrum of fluorescence emitted by the
second fluorescence substance dissolved in the liquid.
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Alternatively, the light source 10 emits an excitation light
having a wavelength in which the wavelength band of
Raman scattering light is positioned in a portion where a
bottom of the spectrum of fluorescence emitted by the
first fluorescence substance dissolved in the liquid over-
laps with a bottom of the spectrum of fluorescence emit-
ted by the second fluorescence substance dissolved in
the liquid.

[0050] Fig. 14 shows an example of a spectrum of flu-
orescence emitted by additives such as perfume and pig-
ment contained in alcohol for disinfection when irradiated
with an excitation light having a wavelength of 460 nm.
Fig. 15 shows an example of a spectrum of fluorescence
emitted by chlorophyll contained in green tea when irra-
diated with the excitation light having the wavelength of
460 nm. Fig. 16 is a graph obtained by overlapping the
spectrum shown in Fig. 14 with the spectrum shown in
Fig. 15. As shown in Fig. 14 to Fig. 16, the spectrum of
fluorescence emitted by the additives such as perfume
and pigment contained in alcohol for disinfection has
higher intensities on the long wavelength side as com-
pared with the spectrum of fluorescence emitted by chlo-
rophyll contained in green tea. In contrast, the spectrum
of fluorescence emitted by chlorophyll contained in green
tea has higher intensities on the short wavelength side
as compared with the spectrum of fluorescence emitted
by the additives such as perfume and pigment contained
in alcohol for disinfection. In this case, a peak of Raman
scattering light is generated in the vicinity of 545 nm in
wavelength in water. The spectrum of fluorescence emit-
ted by the additives such as perfume and pigment con-
tained in alcohol for disinfection has higher intensities on
the longer wavelength side of the peak of Raman scat-
tering light. In contrast, the spectrum of fluorescence
emitted by chlorophyll contained in green tea has higher
intensities on the shorter wavelength side of the peak of
Raman scattering light.

[0051] In the third embodiment, the comparison unit
301 inthe CPU 300 shown in Fig. 1 compares an intensity
of light in the first fluorescence wavelength band with an
intensity of light in the second fluorescence wavelength
band. The fluorescence reference determination unit 302
determines that the liquid contains the additives such as
perfume and pigment contained in alcohol for disinfection
when the intensity of light in the first fluorescence wave-
length band on the long wavelength side of the wave-
length band of Raman scattering light is higher than the
intensity of light in the second fluorescence wavelength
band on the shorter wavelength side of the wavelength
band of Raman scattering light. The fluorescence refer-
ence determination unit 302 also determines that the lig-
uid contains chlorophyll contained in green tea when the
intensity of light in the second fluorescence wavelength
band on the short wavelength side of the wavelength
band of Raman scattering lightis higher than the intensity
of light in the first fluorescence wavelength band on the
longer wavelength side of the wavelength band of Raman
scattering light.
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[0052] According tothe third embodiment,itis possible
to detect that a liquid flowing in piping has been switched
from alcohol for disinfection to green tea, for example, in
a beverage plant.

(Other embodiments)

[0053] The present invention has been described as
above based on embodiments, however, it should not be
understood that description and drawings forming part
of the disclosure limit the invention. Various alternative
embodiments, examples and operation techniques will
be clarified to those who skilled in the art according to
the disclosure. For example, the combination of the first
substance emitting light having higher intensities in the
first fluorescence wavelength band than in the second
fluorescence wavelength band and the second sub-
stance emitting light having higher intensities in the sec-
ond fluorescence wavelength band than in the first fluo-
rescence wavelength band is arbitrary, and the first sub-
stance and the second substance may be biotic particles,
or at least one of the first and second substances is a
cell. When at least one of the first and second substances
is the cell, it is not necessary that the cell is stained.
[0054] The intensity of scatting light due to particles is
correlated with a particle diameter of particles. Further-
more, the particle diameter of microorganisms and non-
microorganism particles differ according to types of mi-
croorganisms and non-microorganism particles. Accord-
ingly, types of microorganisms and non-microorganism
particles contained in water may be specified based on
detected intensities of scattering light. Additionally, as
methods of discriminating types of particles, methods dis-
closed in U.S. patent No. 6885440 specification and U.
S. patent No. 7106442 specification may be used. Al-
though the example in which the liquid flowing inside the
cell 40 is irradiated with the excitation light is shown in
Fig, 1, itis also preferable that a liquid which is not flowing
and preserved in a container is irradiated with the exci-
tation light.

[0055] It should be understood that the present inven-
tion includes various embodiments and so on not de-
scribed here.

[Industrial Applicability]

[0056] The presentinvention can be used in manufac-
turing sites for purified water for medical applications,
purified water for food, purified water for beverages, pu-
rified water for manufacturing semiconductor devices
and so on.

[Description of Reference Numerals and Signs]

[0057]
10 light source
11 light source driving power supply
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1.

ing to claim 2, further comprising:

a fluorescence reference determination unit de-
termining that the liquid contains the first sub-
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power supply control device stance when the intensity of light in the first flu-
first photodetector orescence wavelength band is higher than the
second photodetector intensity of light in the second fluorescence
,21B  amplifier wavelength band, and determining that the lig-
,22B  amplifier power supply 5 uid contains the second substance when the in-
,23B light intensity calculation device tensity of lightin the second fluorescence wave-
,24B light intensity storage device length band is higher than the intensity of light
casing in the first fluorescence wavelength band.
cell
scattering light photodetector 10 4. The in-liquid fluorescence detection device accord-
amplifier ing to any one of claims 1 to 3,
amplifier power supply wherein the first substance is a biotic particle and
light intensity calculation device the second substance is an abiotic particle.
light intensity storage device
fluorescence detection unit 15 5. The in-liquid fluorescence detection device accord-
scattering light detection unit ing to claim 4,
central processing unit (CPU) wherein the first fluorescence wavelength band is
comparison unit positioned on a longer wavelength side than the sec-
fluorescence reference determination unit ond fluorescence wavelength band.
scattering-light reference determination 20
unit 6. The in-liquid fluorescence detection device accord-
output device ing to claim 4 or 5,
wherein an intensity of autofluorescence emitted by
the biotic particle is higher than that of autofluores-
ms 25 cence emitted by the abiotic particle in the first fluo-
rescence wavelength band, and
Ain-liquid fluorescence detection device comprising: an intensity of autofluorescence emitted by the abi-
otic particle in the second fluorescence wavelength
a light source emitting an excitation light having band is higher than that of autofluorescence emitted
a wavelength in which Raman scattering lightis 30 by the biotic particle in the second fluorescence
generated in a liquid in a wavelength band be- wavelength band.
tween firstand second fluorescence wavelength
bands toward the liquid which can contain a first 7. The in-liquid fluorescence detection device accord-
substance which emits light having higher inten- ing to any one of claims 1 to 3,
sities in the first fluorescence wavelength band 35 wherein the first and second substances are abiotic
as compared with in the second fluorescence particles.
wavelength band and a second substance
which emits light having higher intensities in the 8. The in-liquid fluorescence detection device accord-
second fluorescence wavelength band as com- ing to any one of claims 1 to 3,
pared with in the first fluorescence wavelength 40 wherein atleast one of the firstand second substanc-
band; and es is a fluorescent substance dissolved in the liquid.
a fluorescence detection unit detecting light in
the first and second fluorescence wavelength 9. The in-liquid fluorescence detection device accord-
bands. ing to any one of claims 1 to 8, further comprising:
45
The in-liquid fluorescence detection device accord- a scattering light detection unit detecting scat-
ing to claim 1, further comprising: tering light having the same wavelength as the
excitation light, which is generated in the liquid
a comparison unit comparing an intensity of de- irradiated with the excitation light.
tected light in the first fluorescence wavelength 50
band with an intensity of light in the second flu- 10. A method of detecting fluorescence in a liquid com-
orescence wavelength band. prising the steps of:
The in-liquid fluorescence detection device accord- emitting an excitation light having a wavelength
55

in which Raman scattering light is generated in
a liquid in a wavelength band between first and
second fluorescence wavelength bands toward
the liquid which can contain a first substance
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15.

16.

17

which emits light having higher intensities in the
first fluorescence wavelength band as com-
pared with in the second fluorescence wave-
length band and a second substance which
emits light having higher intensities in the sec-
ond fluorescence wavelength band as com-
pared with in the first fluorescence wavelength
band; and

detecting light in the first and second fluores-
cence wavelength bands.

The method of detecting fluorescence in the liquid
according to claim 10, further comprising the step of:

comparing an intensity of detected light in the
first fluorescence wavelength band with an in-
tensity of light in the second fluorescence wave-
length band.

The method of detecting fluorescence in the liquid
according to claim 11, further comprising the steps
of:

determining that the liquid contains the first sub-
stance when the intensity of light in the first flu-
orescence wavelength band is higher than the
intensity of light in the second fluorescence
wavelength band; and

determining that the liquid contains the second
substance when the intensity of light in the sec-
ond fluorescence wavelength band is higher
than the intensity of light in the first fluorescence
wavelength band.

The method of detecting fluorescence in the liquid
according to any one of claims 10 to 12,

wherein the first substance is a biotic particle and
the second substance is an abiotic particle.

The method of detecting fluorescence in the liquid
according to claim 13,

wherein the first fluorescence wavelength band is
positioned on a longer wavelength side than the sec-
ond fluorescence wavelength band.

The method of detecting fluorescence in the liquid
according to claim 13 or 14,

wherein autofluorescence emitted by the biotic par-
ticle is higher than autofluorescence emitted by the
abiotic particle in the first fluorescence wavelength
band, and

autofluorescence emitted by the abiotic particle in
the second fluorescence wavelength band is higher
than autofluorescence emitted by the biotic particle
in the second fluorescence wavelength band.

The method of detecting fluorescence in the liquid
according to any one of claims 10 to 12,
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17.

18.
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wherein the first and second substances are abiotic
particles.

The method of detecting fluorescence in the liquid
according to any one of claims 10 to 12,

wherein atleast one of the firstand second substanc-
es is a fluorescent substance dissolved in the liquid.

The method of detecting fluorescence in the liquid
according to any one of claims 10 to 17, further com-
prising the step of:

detecting scattering light having the same wave-
length as the excitation light, which is generated
in the liquid irradiated with the excitation light.
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